Sediments recovered during Ocean Drilling Program Leg 151 at Site 907 from the Iceland Plateau have good recovery and a pristine paleomagnetic record. Well-preserved diatoms are present throughout the middle Miocene to upper Pliocene interval and in the Holocene of Site 907. The stratigraphic occurrence of diatom species are studied to constrain their ranges. Thirty-two diatom events are observed and given absolute age estimates through direct correlation to the established paleomagnetic stratigraphy of Site 907. Many of these species are either endemic to the Norwegian-Greenland Sea or have diachronous occurrences as compared with other high-latitude areas. However, the first occurrence of Denticulopsis praedimorpha and the last occurrence of Proboscia praebarboi appear to be roughly isochronous between the North Pacific and the Iceland Sea. The 32 diatom events are used to establish 11 biostratigraphic intervals for the Iceland Plateau area.
INTRODUCTION
The Norwegian-Greenland Sea was a region of high biosiliceous productivity until the onset of Northern Hemisphere glaciations during the late Miocene. Diatoms are the most abundant microfossil group preserved in sediments of Paleogene and early to mid-Neogene age. Diatom species through the Cenozoic show very rapid evolution, which makes it possible to establish a high-resolution biostratigraphy for the area. For these reasons, diatoms have great potential to be used as biostratigraphic markers in this area. However, most of the fossil diatom species of the Norwegian-Greenland Sea are endemic to the area. Therefore, it is not possible to use the established North Atlantic diatom biostratigraphy (Baldauf, 1984 (Baldauf, , 1987 . It is also problematic to use the established high-latitude Southern Ocean and Pacific Ocean diatom biostratigraphies because of strong possibilities of diachroneity between datum levels. Therefore, it is of great importance to establish a good diatom biostratigraphy for the Norwegian-Greenland Sea.
So far there have been three Deep Sea Drilling Program (DSDP) and Ocean Drilling Program (ODP) cruises (Legs 38, 104, and 151) to the Norwegian-Greenland Sea. The existing diatom biostratigraphy for the area is based upon the DSDP Leg 38 material . This biostratigraphy is very incomplete for the following reasons: (1) Since DSDP Leg 38 employed rotary drilling and discontinuous coring for most of the sites, the recovery was very poor, and is today described as spot-coring; (2) as a result, the first and last appearances of species cannot be located with enough precision; (3) there is no paleomagnetic stratigraphy to provide ages to the diatom events. The Norwegian Sea diatom zonations proposed by are considered imprecise (Eldholm, Thiede, Taylor, et al., 1987) and difficult to use because they used multiple diagnostic species which have rare and sporadic occurrences for defining zonal boundaries. However, the diatom studies of and Dzinoridze et al. (1978) have been pioneering studies in documenting the diatom species of the Norwegian-Greenland Sea. The diatom zones proposed by 'Thiede, J., Myhre, A.M., Firth, J.V., Johnson, G.L., and Ruddiman, W.F. (Eds.), 1996. Proc. ODP, Sci. Results, 151: College Station, TX (Ocean Drilling Program) . department of Geology, University of Bergen, Allegaten 41, N-5007 Bergen, Norway. Nalan. Koc@geol.uib.no 'Institute of Earth Sciences, Uppsala University, Norbyvàgen 18B, S-752 36 Uppsala, Sweden. Dzinoridze et al. (1978) are also of limited value because the zones span long time intervals and are mainly based on species from the genus Denticulopsis.
The Leg 104 sites on the V0ring Plateau were drilled with the advanced piston corer (APC) with high recovery and good sample quality. However, the Neogene sequences from Leg 104 are incomplete, owing to the occurrence of several poorly defined hiatuses. The Paleogene intervals of these sites are either missing or seriously altered by diagenesis (Eldholm, Thiede, Taylor, et al., 1987) . No diatom zonation has been established for the ODP Leg 104 material from the V0ring Plateau. The existing information about diatoms from these cores comes from the low-resolution on-board studies and diatom species abundance studies of from Holes 642B, 642C, and 644A. Since the paleomagnetic signal of sediments older than Pliocene age have been extremely hard to interpret in Leg 104 holes, there is only a coarse relative stratigraphy and the timing of the occurrences of studied species remains uncertain.
The Leg 151 sites were drilled with APC and XCB with very high recovery and good sample quality. Rich diatom horizons were recovered in Sites 907, 908, and 913. Sites 908 and 913 contain Paleogene biosiliceous sediments. Biostratigraphic and paleoceanographic analysis of Paleogene sediments of Leg 151 can be found in Scherer and Koç (this volume). Site 907 is located on the Iceland Plateau. The crust at this site is either of Anomaly 5B age, between 14 and 15 Ma (Vogt et al., 1980) , or of Anomaly 6B age, between 22 and 24 Ma (Talwani and Eldholm, 1977) , depending on the existence of an extinct intermediate axis on the eastern Iceland Plateau. Hole 907A has a rich diatom flora and a pristine paleomagnetic record that extends back to middle middle Miocene. The purpose of this study is to take the first steps in establishing a detailed and reliable Neogene diatom biostratigraphy for the Nordic Seas by assigning absolute ages to the Neogene diatom events of Hole 907A through direct correlation to the paleomagnetic stratigraphy.
METHODS
All core-catcher samples recovered on Leg 151 were processed during the cruise. Later on shore at least one additional sample from each core section (1.5 m) and the core-catcher samples were analyzed for their diatom content. Approximately 1-2 g of each dry sample was placed in a 250-ml beaker and 10 drops of 37% HC1 was added. After waiting for at least 15 minutes for the reaction to stop, 10 drops of 30% hydrogen peroxide were added. The sample was gently heat-ed until the liquid became light yellow. The acidity of the sample was diluted by centrifuging it with distilled water until a pH of 7 was achieved. Quantitative slides of acid-cleaned material were examined at 400× for relative diatom abundances. Assessment of total diatom abundance was qualitative. Diatoms were recorded as abundant (A) if six or more specimens were present in one field of view at 400×, common (C) if one to five specimens occurred in one field of view, few (F) if one to four specimens occurred in five fields of view, and rare (R) if one to ten specimens occurred per horizontal traverse.
Qualitative estimates of abundance of individual taxa are based on the number of specimens observed per field of view at 400×. Species were recorded as abundant (A) if two or more specimens were present in one field of view, common (C) if one to five specimens were observed per five fields of view, few (F) if two to ten specimens were observed per horizontal traverse, rare (R) if one specimen was observed per horizontal traverse, and trace (T) if only fragments of the specimen were observed.
Diatom preservation was recorded as good (G) when both finely silicified and heavily robust forms were present and no significant alteration of the frustules other than minor fragmentation was observed, moderate (M) when the assemblage showed moderate breakage and slight dissolution, and poor (P) when finely silicified forms were rare or absent, and the assemblage was dominated by robust forms and fragments.
NEOGENE ICELAND SEA DIATOM INTERVALS
The Neogene Iceland Sea diatom intervals proposed in this study are based on observations of ranges of diatom species from Hole 907A and represent a time interval spanning the middle middle Miocene to the Present (Table 1, Fig. 1 ).
Time Scale
The geomagnetic polarity time scale used here is that of Cande and Kent (1992) . Correlation of the paleomagnetic record of Hole 907A to the geomagnetic polarity time scale of Cande and Kent (1992) indicates that the sequence goes back to at least Chron C5AD (14.8 Ma; Fig. 1 ). However, Chrons C3B and C4A seem to be missing from the sequence. Thus, the sequence is incomplete because of the presence of two possible unconformities between 6.7-7.2 Ma and between 8.5-9.5 Ma.
Intervals
A total of 32 diatom events are observed and given absolute age estimates through direct correlation to the established paleomagnetic stratigraphy of Hole 907A (Fig. 1 , Table 2 ). Eleven intervals, which are correlated to the geomagnetic record of Hole 907A, are defined (Fig. 2) .
Coscinodiscus norwegicus Interval
Authors. Koç and Scherer, herein.
Definition of top. FO Denticulopsis praedimorpha

Definition of base. FO Coscinodiscus norwegicus
Age. middle middle Miocene, 13.6-12.9 Ma. Paleomagnetic correlation. The base boundary of this interval falls within Chron C5ABr.
Discussion and remarks. Floral elements of this interval include R. norwegicus, P. praebarboi, T. yabei, I. tenuis, D. hustedtii, C. norwegicus, and T. grunowii (Table 1) . This interval correlates to the North Atlantic C. lewisianus Zone of , which includes all of the above mentioned species but also A. ingens. However, the first occurrence of A. ingens in Hole 907A is recorded above the C. norwegicus Interval (Figs. 1, 2 ). This may suggest that the FO of A. ingens is not synchronous between the North Atlantic and the Iceland Sea. The C. norwegicus Interval correlates to the interval from the top part of the D. hyalina Zone to the top of the C. nicobarica Zone in the North Pacific (Barron and Gladenkov, 1995) . The top of the C. nicobarica Zone in the North Pacific is also defined by the first occurrence of D. praedimorpha and has an age of -12.8 Ma, which correlates well with the Hole 907A age of 12.9 Ma.
The first common occurrence (FCO) of D. hustedtii is recorded in Sample 151-907-19H-CC within Chron C5AB (Table 1 , Fig. 1 ). This event is no older than Chron C5AB in the North Pacific (Barron and Gladenkov, 1995) . The near coincidence of this datum with the first occurrence of T. grunowii (Sample 151-907-20H-2) is also seen in the North Pacific Barron and Keller, 1983) , equatorial Pacific (Barron, 1985) and at Norwegian Sea Site 338 and can be an important datum for inter-regional correlation. Paleomagnetic correlation. The base boundary of this interval falls within Chron C5r2.
Discussion and remarks. The secondary datums for the top of this interval are the LO of P. praebarboi and T. yabei (Fig. 2) . The LO of P. praebarboi has an estimated age of 9.5 Ma at Site 887 in the North Pacific (Barron and Gladenkov, 1995) and an age of 10.1 Ma at Site 907. The LO of T. yabei has an estimated age of 8.6-8.9 Ma in the North Pacific . In the North Pacific the LO of P. praebarboi and T. yabei falls within the D. dimorpha Zone. Thus, the P. praebarboi Interval of Site 907 can be correlated partly to the D. dimorpha and partly to the T. yabei Zone of the North Pacific.
The LO of Actinocyclus ingens and T. yabei occur very close together at the top of the Denticulopsis praedimorpha Zone of Baldauf (1984) within a low recovery interval in Hole 555. Accordingly, the top of the P. praebarboi Interval can be correlated to the top of the Denticulopsis praedimorpha Zone of Baldauf (1984) . The FO of Cymatosira biharensis occurs at the bottom of this interval.
Denticulopsis hustedtii Interval
Authors. Koç and Scherer, herein. Note: FO = first occurrence, LO = last occurrence.
Definition of top. LO Denticulopsis hustedtii
Definition of base. LO Actinocyclus ingens
Age. middle late Miocene, 10.1-9.0 Ma. Paleomagnetic correlation. The base boundary of this interval falls within Chron C5n.
Discussion and remarks. The last occurrence of Denticulopsis hustedtii occurs at an unconformity that spans the time interval 8.5-9.5 Ma. Therefore, the top of this zone cannot be dated precisely. In the North Pacific this event is dated to 8.4 Ma and defines the top of the D. katayamae Zone (Barron and Gladenkov, 1995) . This zone correlates to chrons C4An and C4Arl, which are missing from Hole 907A. The D. hustedtii Interval correlates to the C. yabei Zone in the North Atlantic .
Proboscia barboi Interval
Authors. Koç and Scherer, herein. Definition of top. FO Thalassiosira jacksonii Definition of base. LO Denticulopsis hustedtii Age. late Miocene, about 8.5-5.6 Ma. Paleomagnetic correlation. The base boundary of this interval falls within an unconformity that spans the time interval 8.5-9.5 Ma.
Discussion and remarks. The first occurrence of T. jacksonii is dated as 5.6 Ma at Site 907 and as 5.2 Ma at Site 642 from the V0ring Plateau . In the North Pacific this event is dated to 6.5-6.6 Ma (Barron and Gladenkov, 1995) , which is about 1 Ma earlier than the datums from Sites 907 and 642.
The FO of T. oestrupii is recorded within this interval around 6.2 Ma (Fig. 1, Table 2 ). This event occurred later both in the North Pacific (5.4-5.3 Ma) (Barron and Gladenkov, 1995) and in the Southern Ocean (5.1 Ma) (Baldauf and Barron, 1991) .
Secondary datums for the base of this interval are FO P. barboi and LO C. norwegicus, C. biharensis, and /. tenuis (Fig. 2) . The coincidence of so many last occurrences at this level supports the presence of a hiatus at this level. 
Thalassiosira jacksonii Interval
Definition of top. LO Thalassiosira jacksonii
Definition of base. FO Thalassiosira jacksonii Age. latest Miocene to earliest Pliocene, 5.6-4.9 Ma. The last occurrence of Thalassiosira jacksonii and the top of this interval is right above the Miocene/Pliocene boundary.
Paleomagnetic correlation. This interval falls within Chron C3r. Discussion and remarks. The interval is characterized by common to abundant P. barboi, T. jacksonii, T. oestrupii, and Tn. lineatum (Table 1 ). The short range and the abundant and consistent occurrence of T. jacksonii both at Site 907 and Leg 104 V0ring Plateau sites makes it a valuable stratigraphic marker for the Norwegian-Greenland Sea. However, a longer range (3.1-6.4 Ma) for T. jacksonii is recorded from the North Pacific (Barron, 1992) .
Thalassiothrix miocenica Interval
Authors. Koç and Scherer, herein. Definition of top. LO Thalassiothrix miocenica Definition of base. LO Thalassiosira jacksonii Age. early Pliocene, 4.9-3.3 Ma. The last occurrence of Thalassiosira jacksonii and the base of this zone is slightly above to the Miocene/Pliocene boundary.
Paleomagnetic correlation. The base boundary of this interval correlates to the base of Chron C3n.
Discussion and remarks. This interval is characterized by common to abundant P. barboi, Tx. miocenica, T. oestrupii, and Tn. lineatum . The LO of Thalassiothrix miocenica is also dated to 3.3 Ma from Site 642 at the V0ring Plateau . The top of this interval corresponds also to the LO of P. barboi. The LO of Stephanogonia hanzawae, N. pseudocylindrica, Thalassionema lineatum and FO of T. nidulus occurs within this interval (Fig. 1) . The LO of Thalassiosira jacksonii, which is dated as 4.9 Ma at Site 907, is dated as 3.1 Ma in the North Pacific (Barron, 1992) , indicating a significant diachroneity in the extinction of this species.
Proboscia curvirostris Interval
Authors. Koç Discussion and remarks. The last occurrence of Proboscia curvirostris is within a barren zone and therefore the top of this zone cannot be precisely dated (Fig. 1) . However, Baldauf (1984) extrapolated this datum to be about 0.36 Ma in the Rockall Region of the North Atlantic. The LO of P. curvirostris is dated to 0.3 Ma in the subarctic Pacific (Koizumi, 1986) . The upper part of this interval correlates to the P. curvirostris Zone in the North Pacific (Koizumi, 1973; . Most of this zone spans a barren interval at Site 907.
Thalassiosira oestrupii Interval
Authors. Koç and Scherer, herein. Definition of top. Holocene Definition of base. LO Proboscia curvirostris Age. latest Pleistocene, ?-0 Ma. The last occurrence of Proboscia curvirostris is within a barren zone and therefore the base of this interval cannot be precisely dated.
Paleomagnetic correlation. This interval boundary falls within the Brunhes chron (Cln).
Discussion and remarks. This interval correlates with the upper portion of the Thalassiosira oestrupii Zone of . These authors place the base of their zone immediately above the extinction of Proboscia barboi, which is recorded at 3.3 Ma right above the lower/upper Pliocene boundary at Site 907. Recent, mostly arctic floral elements, which include Proboscia alata, Rhizosolenia hebetata forma hebetata, Rhizosolenia hebetata forma semispina, Thalassiosira angustelineata, Thalassiosira gravida spore and vegetative cells, Thalassiosira oestrupii, Thalassiosira trifulta, and Thalassiothrix longissima are found in this interval (Table 1) .
SUMMARY
A middle Miocene to Holocene diatom biostratigraphy for the Iceland Plateau is developed from investigation of diatom species ranges from Site 907. Many of the observed species are endemic to the Norwegian-Greenland Sea and/or show diachronous first and/or last occurrences as compared with other high-latitude regions. This causes difficulties in utilizing other already established middle-and high-latitude diatom biostratigraphies. A total of 32 diatom events are observed and given chronological estimates through direct correlation to the established paleomagnetic stratigraphy of Site 907. These events are used to establish 11 biostratigraphic intervals for this site.
Thalassiosira grunowii Akiba and Yanagisawa, 1986: p. 493, pi. 27, fig. 5, pi. 29, figs. 1-8b, pi. 30, figs. 1-10; synonym: Coscinodiscus plicatus Grunow, 1878 in Schmidt et al. (1874 : pi. 59, fig. 1 ; Schrader and Fenner, 1976, pi. 15, figs. 5, 8, 9, 11-13 . Thalassiosira jacksonii Koizumi and Barron in Koizumi, 1980: p. 396, pi. 1, figs. 11-14; Baldauf, 1984, pi. 5, fig. 11; Bodén, 1992: pi. 5, figs. 7a-b. Synonym: Thalassiosira sp. b Schrader and Fenner, 1976, pi. 17, figs. 5, 10 . Thalassiosira kryophila (Grunow) J0rgensen, 1905; Hustedt, 1930, p. 324-325, fig. 160 . Thalassiosira nidulus (Tempére and Brun) Jousé, 1961: p. 63; Schrader and Fenner, 1976, pi. 17, figs. 13, 16 . Thalassiosira nordenskioeldii Cleve, 1873: p. 7, pi. 1, fig. 11 ; Hustedt, 1928, p. 321, fig. 157; Sancetta, 1982, p. 242, pi. 5, figs. 8-9 . Thalassiosira oestrupii (Ostenfeld) Proshkina-Lavrenko; Hasle, 1960, p. 8, pi. 1, figs. 5-7; , pi. 14, figs. 1-6.
Thalassiosira sp. a. Schrader and Fenner, 1976, pi. 17, fig. 17 . Thalassiosira sp. c. Fenner, 1976, pi. 16, figs. 7, 8. Thalassiosira trifulta Fryxell in Fryxell and Hasle, 1979: p. 16, pis. 1-5, figs. 1-24; Sancetta, 1982, p. 244, pi. 5, figs. 10-12 . Thalassiosira yabei (Kanaya) Akiba and Yanagisawa, 1986: p. 493, pi. 27, figs. 1-2, pi. 28, figs. 1-9; synonym: Coscinodiscus yabei Kanaya, 1959: p. 86, pi. 5, figs. 6-9; Schrader, 1973, p. 704, pi. 6, figs. 1-6 . Thalassiosira zabelinae Jousé, 1961: p. 66, pi. 2, figs. 1-7; Akiba, 1986, pi. 8, fig. 11 . Thalassiothrix longissima Grunow, 1880: Hustedt, 1932, p. 247, fig. 726; Hasle and Semina, 1987, figs. 1-25 . Thalassiothrix miocenica Schrader, 1973: p. 713, pi. 23, figs. 2-5, Schrader and Fenner, 1976, pi. 5, fig. 1 ; Bodén, 1992, pi. 1. fig. 1 .
